Competition experiments were carried out between clones of the water flea, Daphnia magna, in an effort to detect frequency-dependent selection maintaining clonal coexistence. Pairs of clones were used, both from the same and from different sources. No stable equilibrium was detected, but in the first series of experiments, in which gene frequencies were assessed by the electrophoresis of samples, it was found that differences in the level of sexuality between clones were resulting in artificial selection.
INTRODUCTION
ONE type of selection that may be important in maintaining the observed genetic diversity of populations is frequency-dependent selection, whereby genotypes increase their fitness as they become rare (Ayala and Campbell, 1974) . The best experimental evidence for such selection in wild populations comes from situations where phenotypic differences accompany the genetic polymorphism, as in mimicry (Brower et al., 1967) , and "apostatic" selection, whereby predators, of which the most studied have been ground feeding passerines, preferentially eat common morphs when confronted by a polymorphic prey species (Clarke, 1962; Allen and Clarke, 1968; Allen, 1972) .
However, most known polymorphisms are defined biochemically, and for these the mechanism of frequency-dependent selection must be different, although it is possible that molecular mimicry between hosts and parasites may play a part in the maintenance of some polymorphisms (Clarke, 1975 (Clarke, , 1976 . Theoretical studies indicate that genetic polymorphism stabilised by frequency-dependent selection can arise through niche diversification, with selection acting in different directions in different niches (Levene, 1953) , but only if the selection is soft (Dempster, 1955; Wallace, 1968) . Considerable theoretical development of these ideas has taken place, but in panmictic conditions the robustness of the polymorphic equilibria genrated is low (Hedrick et al., 1976; Hoekstra, 1978; Maynard Smith and Hoekstra, 1980) . Models of this kind are usually worded in terms of spatial environmental heterogeneity, but their prediction of "protected" polymorphism (that is, polymorphism where fixation of any allele is unstable 297 (Prout, 1968) ) with panmixia, means that they are mathematically equivalent to models in which the environment heterogeneity envisaged is not spatial. The heterogeneity could, for example, consist of a range of available food types, which different genotypes utilise with differing efficiencies.
The experimental demonstration of frequency-dependent selection is faced with the problem that the change in gene frequencies in panmictic sexual populations under the influence of heterozygote advantage is very similar to that predicted in a frequency-dependent selection model. Statistical treatments of observed changes in gene frequency showing that a model including frequency-dependent fitness values gives a better fit to data than a heterozygote advantage model (Wright and Dobzhansky, 1946; Spiess, 1957; Tobari and Kojima, 1967) , do not resolve the issue categorically as some improvement in fit inevitab'y arises from the increased number of degrees of freedom in the "frequency-dependent" models. Furthermore, frequency-dependent mating success (Spiess, 1970; Ehrman, 1966; Ehrman et al., 1965) could maintain a polymorphism even in the absence of frequency-dependent viability effects.
One way in which frequency-dependent selection can be unambiguously distinguished from heterozygote advantage is by looking at the fitnesses of genotypes over only part of the life cycle, to see if such fitnesses vary with genotypic frequencies. Kojima and Yarborough (1967) , Morgan (1976) and Birley and Beardmore (1977) looked for frequency-dependent variation in egg-to-adult survivorship in crowded cultures of Drosophila melanogaster and found evidence for strong frequency-dependence. The survivorships of the genotypes at the esterase-6 locus were higher when they were rare than when common. The same effect was found in studies of Drosophila melanogaster genotypes differing at the alcohol dehydrogenase (ADH) locus (Kojima and Tobari, 1969a; Morgan, 1976) and of Drosophila ananassae differing by the chromosome 2 inversions L-A and L-B (Kojima and Tobari, 1969b) . Later experiments showed frequency-dependence in egg-to-adult viabilities for genotypes differing at the Payne inversion in D. melanogaster (Nassar et a!., 1973) and very strong frequency-dependence in the same measure at the leucine amino peptidase (LAP) locus (Nassar, 1979) .
Egg-to-adult viability measurements require strong selection in favour of a rare morph before such selection can be significantly demonstrated in samples of reasonable size, but if the egg-to-adult survivals of samples vary significantly with frequency then the frequency-dependence of selection could be established even if selection is not significantly demonstrated in any individual sample. Snyder and Ayala (1979) found evidence of frequency-dependence in both rate of development and egg-to-adult survival at the phosphoglucomutase (PGM)-1 locus in D. pseudoobscura and Marinkovic and Ayala (1975) found these effects at the malic enzyme locus. However, Yoshimaru and Mukai (1979) detected no frequency-dependence at the ADH locus in D. melanogaster and Yamazaki (1971) found no such selection acting on the esterase-5 locus in D. pseudoobscura.
One means by which the frequency-dependence observed in such experiments may be produced is by larvae conditioning the food medium in a way more harmful to others of their genotype than to larvae of other genotypes. Experiments by Huang, Singh and Kojima (1971) showed that if larvae of one genotype at the esterase-6 locus in D. melanogaster are used to condition media in which other larvae are then grown and tested for survival, the rate of survival of larvae of the same genotype as the conditioning genotype is less than that of the other larvae. Kojima and Huang (1972) found this effect to be dependent upon density, being manifest only when the experimental larvae were crowded. Dolan and Robertson (1975) , however, found no evidence for this effect at either the ADH or the esterase locus under crowded conditions.
In these experiments stabilising selection occurs in the absence of diversity in the food supply. Clarke (1979) and Clarke and Allendorf (1979) have produced a model whereby genotypes producing allozymes differing in their kinetic constants might be expected to show frequencydependent selection in conditions where the enzymes' substrates are limiting for population growth. Evidence for biochemical differences between allozymes is strong for the D. melanogaster esterase-6 locus (Danford and Beardmore, 1979) , the ADH locus (Day etal., 1974; Ward, 1974; Gibson, 1970) , the D. virilis a-and f3-esterases (Narise, 1971 (Narise, , 1973 , the esterase-1 locus in Catastomus ciarkii (Koehn, 1969) and 16 out of 23 polymorphic human loci studied (Harris, 1971) . The implication of these results is that frequency-dependent selection might be expected to act between almost any pair of alleles. Stewart and Levin (1973) , in a model mathematically similar to Clarke and Allendorf's, predict that genotypes with different resource uptake functions can coexist on a single resource, if that resource is supplied occasionally in large quantities, not constantly. However, the robustness of these models is very low (Maynard Smith and Hoekstra, 1980) . If these theories are correct, however, randomly chosen genotypes should show some frequency-dependent selection with respect to each other. Genotypes from the same wild populations, moreover, are more likely to show frequency-dependent selection. Their coexistence should be favoured if they show frequency-dependent selection in the wild.
Daphnia magna Straus, a member of the crustacean suborder Cladocera, reproduces mainly by apomictic parthenogenesis. In this process, a variable number of eggs are laid into the brood pouch which develop into swimming embryos, which are usually female and which are released after 2-3 days (Green, 1954; Obreshkove and Fraser, 1940; Anderson and Jenkins, 1942) . Sexual reproduction also occurs in which females produce two eggs which are released at the next moult, to develop into female offspring after a period of diapause which may last weeks, months, or in some cases, years.
The parthenogenetic eggs of Cladocera are produced without meiosis, as shown by the absence of segregation of electrophoretic markers in Daphnia magna , D. puiex (Berger and Sutherland, 1978) and Bosmina ion girostris (Manning et a!., 1978) . It is probable that the offspring and parents were genetically identical, although Banta, Wood, Brown and Ingle (1939) were able successfully to select for the characters of "sex intergrade" and "excavated head" in clones of D. ion gispina and "sex intergrade" in the related Simocephalus exspinosus.
In the parthenogenetic phase of aphids, selection for esterase activity (Bunting and Van Emden, 1980) and insecticide resistance (Berenek, 1974) can be successful, although again electrophoretically-defined heterozygotes do not segregate (Suomalainen et al., 1980) . The supposed genetic identity or near identity of the Cladoceran parthenogens means that large clones of known genotype can be established and used in the study of frequencydependent selection.
Cladoceran populations contain considerable genetic diversity as measured by gel electrophoresis. This is true of D. magna (Hebert, 1972 (Hebert, , 1974a (Hebert, , 1974b (Hebert, , 1974c (Hebert, , 1975 (Hebert, , 1978 Hebert and Ward, 1976; Young, 1975 Young, , 1979a Young, , 1979b , D. pulex (Berger and Sutherland, 1978; Hebert and Crease, 1980) , Bosmina longirostris (Manning et al., 1978) and Simocephalus serrulatus (Smith and Fraser, 1976) . Heterozygote advantage would not, in a population where sexuality is rare, maintain great genetic diversity, but rather should cause the near-fixation of a multiply heterozygous clone (Berger, 1976 ; but see Angus, 1978) . In Canadian populations of D. pulex reproducing purely asexually, as many as seven genotypes (as defined by 11 electrophoretic loci) have been found to coexist, and a study of larger numbers using more loci would almost certainly reveal an even larger number (Hebert and Crease, 1980) . The diversity of, and the lack of consistent heterozygote excesses in Cladoceran populations constitute weak evidence that genetic variability is maintained by frequencydependent selection. Cladocera can be used in the laboratory to test for such selection, which is the only process capable of causing the stable coexistence of clones. If frequency-dependent selection is a general phenomenon, the frequencydependent effects of the many loci at which two clones differ may summate and thus weak-per-locus selection may be reflected as strong interclonal selection. Experiments were carried out using clones both from different sources and from the same pond.
MATERIALS AND METHODS
The following clones were used: Electrophoresis was carried out with gels of volume 350 ml, of 12 per cent starch, using the gel and electrode buffers of Kristjansson (1963) , and a voltage of 350 volts for 2 hours at 10°C. The gels were sliced and stained for the following enzyme activities:
Esterase: The stain was 20 mg. Alpha-naphthylacetate, 150 mg Fast Red TR salt, 15Dm! Phosphate Buffer at pH65 (which was 208g NaH2PO4.2H20 + 947 g Na2HPO4 in 1 litre H20). The 20 mg of ester was dissolved in 5 ml of a 1: 1 mixture of acetone and water. Only one locus (Est-1) produced strong, repeatable bands on the gels. The alleles were named following the terminology of Young (1975) .
Glutamate Oxaloacetate Transaminase (GOT): The stain was 06 mg. Pyridoxal 5' Phosphate, 0276 g L-aspartic acid, 0156 g Aipha-ketoglutaric acid and 024 g Fast Blue BB salt in 60 ml Phosphate Buffer at pH 7•5 (which was 28•4 g Na2HPO4 in 1 litre H20 adjusted to pH 75 in 1 N HCI and readjusted to pH 75 with 1 N NaOH following addition of all compounds except the Fast Blue BB salt). The alleles were named following the terminology of Young (1975) .
Malate Dehydrogenase (MDH): The stain was 156 g Malic acid, 80mg Nicotinamide adenine dinucleotide, 20 mg Thiazolyl Blue and 20 mg Phenazine Methosulphate in 100 ml Tris-HC1 Buffer at pH 80 (which was 2423 g Tris (hydroxymethyl) methylamine adjusted to pH 80 with 1 N HC1 and readjusted to pH 80 with 1 N NaOH following addition of the Malic acid). The alleles were named following the terminology of .
Artificial environments were established in the laboratory in glass jars by the addition of 50 grams of soil to 100 cm3 of pond water (from the pond from which some of the Daphnia used in the experiment were obtained) and distilled water to a volume of 2 litres (except for experiments 5 and 6 in which 1 litres were used). After one day a total of 50 newborn females from two clones were added. The jars were placed indoors in daylight. For experiments 1-10, each week the numbers in each of three categories were counted. These were:
(1) Young; (2) Adults without ephippia; (3) Adult females with ephippia.
Each day any females with ephippia were removed and examined electrophoretically at the Est-1 locus. For experiments 11-18 all ephippial females were removed but not electrophoresed, the populations were counted and the sex of any adults and the number of parthenogenetic eggs they possessed were recorded. Counting of the cultures was less regular in these experiments.
In experiments 1-11 some non-sexual females were removed, and in 1-10 electrophoresed. Prior to the population size reaching 300 individuals, ten adult females were removed, and subsequently 20 adult females were removed at the end of each week if less than 20 ephippial females had been removed during the week. The clones were founded from single females and kept under similar conditions to those used in the experiments and with a protocol of the removal of females similar to that followed in the experimental populations.
In heterozygous clones no segregation of homozygotes was observed in these stock cultures. Thus the clones in the experimental cultures should have remained pure. The young females used initially are shown in table 1.
RESULTS
From the results of the electrophoresis carried out in experiments 1-10, 2-week running averages were obtained for the proportions of each clone. The variations in such sample proportions with time are shown in fig. 1 were based on destructive sampling without replacement of adults from the population, the majority of which were sexual. Sexual females had to be removed in order to prevent the addition to the population of ephippia and sexually derived offspring (which can, on occasion, hatch without diapause (Wood, 1932; Hebert, 1978) ) with recombined genotypes and unpredictable selective characteristics. Sexual females removed were not replaced as it was felt that their replacement with females with a level of 
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parthenogenetic egg production different from that characterising the experimental cultures would have a greater effect on clone frequencies than the protocol of non-replacement. However, removal of all ephippial females had the effect that if the clones differed in their degrees of sexuality not only would the clone with the higher level of sexuality be overrepresented in the sexual portions of the samples but also such a clone would suffer artificial selection against it. Tables 2 and 3 show that in experiments 1-4
and experiments 5-8 in every case when there was a significant difference in the proportions of clone C in sexual and non-sexual samples removed from the same population in the same week, clone C was underrepresented in the sexual population. Thus the success of clone C in competition with clones A and B is partially due to artificial selection applied through the protocol of the removal of ephippial females. is higher than would be expected by chance as measured by a chi-squared test at *: P=005, **: P=002, ***: P=001, ****: P=0001. The data can still, however, be analysed in order to test for frequencydependent selection. If selection is constant, then in the appropriate haploid model for gene frequency change, a graph of In (q/ 1 -q) against time should have a constant gradient (where q is the frequency of one clone). If the slope of such a line decreases with increasing frequency of the favoured clone, this represents stabilising frequency-dependent selection even if one clone is fixed by artificial selection.
Thus for each week the selection, S, was calculated as in (qo(1 -q1)/q1(1 -qo)) where q0 = the frequency in week 0, and q1 = the frequency in week 1, using the data from experiments 1-4 and from experiments 5-8. Regressions were performed of S against (qo + qi)/2. These should give positive slopes if there is stabilising frequency-dependent selection. For experiments 1-4, with clones B and C, separate regressions were performed of S on q for each experiment. The lines produced were homogeneous (as a t-test showed no significant variation in their slopes, and a Hartley's F-max test showed no significant variation in their residual variances). The pooled data from these experiments gave a regression of S = -031 -013q. The residuals showed no significant departure from normality in a ShapiroWilks W test and the slope was not significantly different from zero in a t-test.
For experiments 5-8, with clones A and C, separate regression slopes were calculated for S on q. t-tests showed none of these to be significantly different from any other, but a Hartley's F-max test showed heterogeneity in the residual variances at the 5 per cent level. This heterogeneity was eliminated by pooling only the results from experiments 5, 6 and 8 (giving a line of S=-039+0.47q, which was not significantly different from a slope with zero gradient or from the slope in experiment 7), or by pooling only experiments 5, 7 and 8 (giving a line of S = -106 + 1 28q, which was not significantly different from a slope of zero or from that of experiment 6). The total pooled data gave a line of S=-037+O•41q, which was a slope not significantly different from zero, and which gave residuals not significantly non-normal in a Shapiro-Wilks W test. In experiments 9 and 10 not enough data were available for statistical analyses to be performed.
In experiments 11-18 clone G was used. This clone possessed a mutation (probably recessive) causing a lack of pigment in the compound eye. 11-14), A (experiments 15 and 16), and F (experiment 17). These figures show the frequencies based on the whole population but frequencies based on adults were also obtained. A further experiment with clone A (experiment 18) was started but accidentally contaminated with clone C after a period of 21 days.
As above, regressions can be done of S, defined as 1/t In (qo(1 -qj)/qi(1-qo)) where t is the time in weeks separating the two clone frequency measurements q0 and qj, against qo (which is used in this case as it is a population frequency, as opposed to the sample frequencies used in experiments 1-10 which would give spurious evidence of frequencydependent selection if they were used instead of (qo + qi)/2 as the independent variable). Two separate regressions can be done for each experiment, For experiments 11-14, the regressions of S on q for the adult data showed no differences in their slopes, but were heterogeneous at the 5 per cent level in a Hartley's F-max test. The heterogeneity could be eliminated by pooling only the results from experiments 12, 13 and 14 (giving a line of S = O3O -1. l4q, which was not significantly different from a slope of zero gradient or from the slope of experiment 11), or by pooling only experiments 11, 12, and 14 (giving a line of S-O61--1.47q, which was not significantly different from a slope of zero gradient or from the slope of experiment 13). However, the slope of experiment 11, 658, but not that of any other experiment, was significantly greater than zero at the 5 per cent level. The regression of S on q for the whole population in these experiments were all homogeneous in their slopes and residual variances, and no slope was significantly different from zero. Pooling all experiments gave a line of S = 008 -O52q, which was not significantly different from slope of zero. In none of these regressions were the residuals significantly non-normal.
For experiments 11-18 the number of parthenogenetic eggs carried by each adult female was counted, and the mean egg number for each clone, R, and the difference between the R values of the black-eyed clone and clone G at any time was calculated. This quantity was called D and it was regressed against the frequency of the black-eyed clone. Stabilising frequency-dependent selection acting through fertility differences would result in a negative gradient.
For clones A and G in experiments 11-14, individual regressions of D on q for the adult data gave non-significant slopes which showed no significant heterogeneity, but the residual variances of the regressions were heterogeneous. This heterogeneity could be eliminated by pooling 11 and significant slopes which showed no significant heterogeneity, but again the residual variances were heterogeneous. This heterogeneity could be eliminated by pooling 11 and 13 (giving a line of D = -077+ 1.02q) and 12 and 14 (giving a line ofD=-0.15+0.41q). Neither of these slopes was significantly different from zero, and neither were they significantly different from each other. If the variation in the values of D obtained is of selective importance, then regressions of S on the D value in the initial population used to calculate S will give a negative slope. Individual regression of S on D for experiments 11-14 using the data for adults gave non-significant slopes which showed no significant heterogeneity either in their slopes or in their residual variances. Pooling the experiments gave the line S =032 -0 12D, which was not significantly different from a slope of zero, but which left residuals which were significantly non-normal at the 1 per cent level. To eliminate this, the values for S and D were transformed using an Arctan transformation and a new regression performed. For the individual experiments all slopes were again non-significant and there was no heterogeneity between experiments in their slopes or in their residual variances. The pooled regression gave Arctan S =-017-011 Arctan D, which was a non-significant slope, and now the residuals were not significantly nonnormal. Individual regressions of untransformed values of S (based on all the data) on D for experiments 11-14 gave non-significant slopes, and there was no heterogeneity between experiments. The pooled data gave a line of S = 049 -028D, which was not significantly different from a slope of zero, but again the residuals were non-normal. In this case such non-normality remained when an Arctan transformation was applied to the data.
For experiments 15 and 16, regressions of S on q, using either the data based on adults, or that based on the whole population, gave non-significant slopes, which were homogeneous, and no heterogeneity was found in the residual variances. Pooling these experiments gave a line of S = 0•46+042q, when data were based on the adults, and S=-028+016q, when data were based on the whole population. Neither slope was significantly different from zero. All the regressions gave residuals which failed to deviate significantly from normality.
Regressions of D on q for experiments 15 and 16 using the data from adults gave slopes which were significantly different at the 5 per cent level, and which had residual variances which were significantly different at the 0.1 per cent level. The slope from experiment 16, -759, was different from zero at the 0005 per cent level. However, the residuals from both regressions were significantly non-normal at the 1 per cent level. Pooling the experiments gave a line of D=098-079q, which is a slope not significantly different from zero, but which, again, gave residuals which were significantly non-normal at the 1 per cent level. An Arctan transformation on the values for D failed to remove the non-normality of the residuals in any of the regressions. Regressions of D on q for experiments 15 and 16 using data from the whole population gave no significant difference in slopes but a difference in residual variances at the 1 per cent level. The slope in 16, -843, was different from zero at the 1 per cent level. Both regressions gave residuals which were significantly non-normal at the 1 per cent level. Pooling the experiments gave a line of D = O25+O24q, which was a slope not significantly different from zero, but which has residuals which were significantly non-normal at the 1 per cent level. Arctan transformations on the D values failed to remove the nonnormality from the residuals for any regression.
Regressions of S based on adults on D for these two experiments gave lines which had non-significant slopes, and which were homogeneous with respect to their slopes and their residual variances. Pooling them gave a line of S = -O16-OO4D which was not significantly different from zero. Similar homogeneity and non-significance was found for the regressions of S, based on the whole population in these experiments, against D, the pooled regression being S=-O'13-003D, which was again non-significant.
In experiment 17 the regression of S on q for data based on adults gave a line of S = O3O+O55q, with no deviation from normality in the residuals. The slope is not significantly different from zero. Data from the whole population gave S = -O•16 + O42q, which was a non-significant slope, but in this case the residuals were significantly non-normal at the 2 per cent level, a result that remained true when an Arctan transformation was applied to the values of S. Regressions of D on q for experiment 17, using data based on adults, and data based on the whole population, gave lines of D = O12 -O54q, and D = -O12 + 003q respectively. Each slope was not significantly different from zero, but had residuals which were significantly non-normal at the 1 per cent level, a result that remained true when an Arctan transformation was applied to the values of D.
The regression of S on D for data from adults in this experiment gave a line of S=-OO7-O14D, with no evidence of non-normality in the residuals. This slope was not significantly different from zero. Using data from the whole population, the regression of S on D gave a line of S=-OO4--O31D, which was significantly different from zero at the O5 per cent level, but which gave residuals which were significantly non-normal at the 1 per cent level. An Arctan transformation gave Arctan S = -OO3 -045 Arctan D, which again had a slope significantly different from zero at the 05 per cent level, but which now had residuals which were not significantly non-normal.
Thus, in summary, there were only two cases where the regression slope for any experiment was both significantly different from zero and statistically legitimate (as is shown by the residuals being normally distributed). In experiment 11, S increases with q when the adult data are studied, the level of significance being 5 per cent, and in experiment 17, the Arctantransformed S values decrease with increasing Arctan D, when data from the whole population are studied. In this second case the level of significance is O5 per cent. In a series of regressions of this kind, a single significance value of 5 per cent is likely to be produced by chance, but one of O•5 per cent is unlikely. It can be concluded that there is no real evidence that either selection Or the difference in fecundity between clones varies with clone frequency, but there is some evidence that differences in fecundity between clones result in selective differences.
A crude analysis of the species diversity of the culture in experiment 5 revealed 8 coexisting Protozoan genera (five of which were photosynthetic), 3 rotifer genera and 3 other crustacean general.
Dscussio
One danger in analyses of this type is that of making a Type 2 statistical error, accepting an inadequately tested null hypothesis (Dixon and Massey, 1969) . While the slopes of the regressions are almost all non-significant, in many cases they are very different from zero. However, in all the data taken together, there seems to be no general trend towards slopes showing stability. The results of experiments 6 and 8, where in each case clone C rises from an initial frequency of 10 per cent to an approximately stable frequency of 60 to 80 per cent, are suggestive of a stable equilibrium, but in the absence of further data no conclusion is possible.
Most demonstrations of frequency-dependent selection have shown the phenomenon at high density. Figure 7 shows the variation in population density data would reduce the amount of data available below that on which regressions could legitimately be performed. However, while the populations showed consistent fluctuations in size there is no evidence that food was not limiting throughout. Populations of Daphnia species with controlled food supplies still show oscillations in density. This is true of D. pulex (Frank et a!., 1957; Frank, 1960 ), D. obtusa (Slobodkin, 1954 and D. magna (Pratt, 1943; Smith, 1963) . Both the size and frequency of these oscillations are predicted by the model of Frank (1960) , which differs from the logistic model of population growth in that it makes the 0 100 Time in days density-dependent effect on egg-production dependent upon the density five days prior to laying. It seems likely that almost all of the time the populations studied above were limited by food.
Thus there is no evidence for frequency-dependent selection acting between clones in a moderately complex environment. Such selection would be expected to act between clones if most allelic differences are acted on by stabilising frequency-dependent selection, as the clones will differ at many genetic loci. The vast majority of the data presented here are from experiments where the clones are derived from different sources. In experiments 9 and 10, where the clones were derived from the same source at the same time, the process of fixation was so rapid that not enough data were produced for a regression analysis. In a similar experiment, Snell (1979) failed to find stable coexistence of clones of rotifers (Asplanchna species). Kosuda (1981) , however, studying the replacement of a iac with a 1ac strain in Escherichia coil, found stabilising frequencydependent selection in a curvilinearity in a plot of ln (q/ 1 -q) against time, where q is the frequency of the iac strain.
The level of genetic diversity observed in wild populations by enzyme electrophoresis is higher than that predicted by the "classical" theory of population genetics (Lewontin, 1974) . Considerable effort has been exerted in the search for systems of natural selection such as heterozygote advantage and stabilising frequency-dependent selection which can maintain polymorphisms. However, the discovery of the selection systems maintaining polymorphisms does not elucidate the forces determining what proportion of the genome will be subject to such selection. The analogy of Clarke (1979) between the maintenance of polymorphism by frequency-dependent selection and the maintenance of diverse species communities by density-dependent effects is revealing and accurate. Predictions of the level of polymorphism cannot be derived from demonstrations of frequencydependent selection any more than predictions of community diversity can be derived from demonstrations that individual species have stable densities. Furthermore, as selectively maintained polymorphisms will accumulate in wild populations, the finding of a particular level of polymorphism, even if it is higher than expected, does not require for its explanation an a priori expectation of selection acting on randomly chosen alleles. Nevertheless, the lack of experimental evidence reported here for frequency-dependent selection fails to agree with the genetic diversity observed in wild populations of Cladocera, which in many cases appears to be selectively important (Hebert, 1972 (Hebert, , 1974a (Hebert, , 1974b Hebert and Ward, 1976; Hebert etal., 1972; Young, 1975 Young, , 1979a Young, , 1979b for not only is diversity not easily explained by heterozygote advantage, it cannot (in view of the rarity of sexuality) be due to frequency-dependent mating success.
